Asymptomatic genital shedding of herpes simplex virus type 2 (HSV-2) DNA was evidenced by real-time PCR in 25 (13.2%) of 188 cervicovaginal lavage samples and in only 13 (6.9%) paired cervicovaginal samples from 188 HSV-2-seropositive, nonpregnant childbearing-aged human immunodeficiency virus-seronegative women living in Gabon. These observations demonstrate that cervicovaginal washing is more suitable than endocervicovaginal swabbing for detecting and quantifying HSV-2 DNA by PCR in female genital secretions.
The ability to assess viral burden in genital secretions is essential in understanding the mechanisms of heterosexual, as well as mother-to-child, transmissions of herpes simplex virus (HSV) infection and in predicting the effect of antiviral therapy at the level of the genital compartment (4, 6) . Furthermore, determination of HSV genital shedding has become a major biological marker to evaluate the role of genital herpes as a possible cofactor of human immunodeficiency virus (HIV) sexual transmission (11) . HSV type 2 (HSV-2) genital shedding is also used as a biological endpoint in intervention trials used to assess the role of HSV-2 as a cofactor of HIV heterosexual transmission (15) . Evaluation of genital viral burden by means of HSV DNA nucleic acid or signal amplification techniques in cervicovaginal secretions is not yet well standardized (8, 11, 12) . A convenient collection procedure of genital fluids and further well-standardized and reproducible qualitative and quantitative assays are mandatory prerequisites for the evaluation of HSV genital shedding. In the present study, two sample collection procedures of female genital secretions were compared to estimate the genital shedding of HSV-2 in childbearing-aged, HIV-seronegative African women.
(Evelyne Avoune presented the results of this study as part of her requirements for an M.D., January 2002, at the Université des Sciences de la Santé, Libreville, Gabon.)
A total of 329 childbearing-aged women (mean age, 26.2 years; range, 14 to 44 years) at the Gynecology and Obstetrical Department of the Centre Hospitalier de Libreville and the Maternité Joséphine Bongo in Libreville, the capital city of Gabon, for family planning (n ϭ 39) or common gynecological evaluation (n ϭ 290 [including 134 women suffering from vaginal discharge]) were prospectively recruited on a volunteer basis to evaluate their HSV-2 genital shedding. All of the women were nonpregnant. The research protocol followed the ethical recommendations of the Ministry of Health of Gabon, and informed verbal consent was obtained from all participants. Type-specific serum antibodies to HSV-2 were assessed by a enzyme-linked immunosorbent assay developed from a radioimmunoassay with monoclonal antibodies to HSV-2 and validated against Western-blotted sera from the United Kingdom and Africa as described previously (7) .
Genital secretions were collected successively by two different procedures. Sterile dry swabs were first used to collect genital secretions on the endocervix. The swabs were gently applied on the cervical os, and a slight pressure was applied by partly rotating the swabs, without any mucosal trauma. All of the swab samples were rapidly stored at Ϫ80°C until use. After genital swab sampling, whole vaginal secretions were collected by a standardized 60-s vaginal washing with 3 ml of phosphatebuffered saline (pH 7.2) as previously described (2) . The vaginal washing consisted of three successive aspiration discharges against the vaginal walls and the cervix by using a flexible plastic pipette. The total mixture of vaginal secretions diluted in washing buffer was recovered from the posterior vaginal fornix by a final aspiration. The collection of vaginal secretions obtained by vaginal washing introduced a mean dilution of genital secretions of about 1:10 (2). After centrifugation of the endocervical lavage sample at 2,000 ϫ g for 15 min, the cellfree supernatant and the cellular pellet were collected and stored separately at Ϫ80°C. Contaminating semen in vaginal secretions was investigated by detecting the Y chromosome by using PCR assay in DNA extracted from the cellular pellet of cervicovaginal secretions, as previously described (3) . Traces of hemoglobin in vaginal secretions were detected by spectrophotometry of the acellular fraction of genital fluids, as previously described (14) .
To detect and quantify HSV-2 DNA from the swab samples, the tips of the swabs were first treated for 20 min at 56°C in 400 l of lysis buffer containing DNase-and RNase-free reagent obtained from the QiaAmp DNA minikit (Qiagen, Courtaboeuf, France). Then, the following steps of DNA extraction by using a classical fixation-elution procedure onto a silicated column (Qiagen) were carried out according to the manufacturer's instructions. Extracted DNA was further diluted in 200 l of specimen diluent. To quantify HSV-2 DNA levels in the cervicovaginal washing samples, 1,000 l of the acellular part of vaginal secretions were initially precipitated by centrifugation at 23,000 ϫ g for 60 min at 4°C, and the total DNA was extracted from the resulting pellet by using the QiaAmp DNA minikit as described above. The quality of DNA and the absence of substantial PCR inhibitors were assessed by determining the positivity of ␤-globin PCR detection (13) in all extracted samples. Extracted DNA was further diluted in 200 l of specimen diluent. HSV-2 DNA was detected and quantified in 5 l of DNA extracted from swabs or from the paired acellular fractions of cervicovaginal secretions lavage samples by real-time PCR in the HSV DNA polymerase gene by using the LightCycler technology, as previously described (10) . This previously published procedure has a threshold of sensitivity of 10 HSV DNA copies per reaction (10) . The results were expressed as the number of HSV-2 DNA copies/milliliter for cervicovaginal washing samples and as the number of HSV-2 DNA copies/microgram of total DNA (quantitated by spectrophotometry at 260 nm) for endocervical swabbing samples. Strain differentiation for HSV-1 and HSV-2 types was performed by restriction fragment length polymorphism analysis, as described previously (15) . Individuals with a quantity below this were deemed "nonshedders," and their genital HSV-2 DNA load was considered negative. Correlations between viral loads were assessed by using the Spearman rank correlation coefficient. Fisher exact and Spearman rank order correlation tests were used for statistical analyses. Linear regression analysis on log 10 -transformed values was performed by using the software StatView SE 1 (Abacus Concepts, Inc., Berkeley, Calif.).
The prevalence of seropositivity for HSV-2 was determined to be 57.1% in the study population. The subgroup of 188 HSV-2-seropositive, nonpregnant women (mean age, 24.7 years; range, 18 to 48 years) was further selected for inclusion in the study. All women were clinically healthy and showed no evidence of sexual transmitted diseases, including recurrences of genital herpes. None showed semen and hemoglobin traces in their vaginal-secretion samples.
The detection threshold for real-time PCR quantitation of HSV-2 DNA shedding was estimated as 400 copies/ml for vaginal washing samples and as 400 copies/g for endocervical swabbing samples. A woman was considered an HSV shedder when her vaginal secretions were found to be positive for HSV DNA whatever the collection procedures used to collect the genital secretions. A total of 25 (13.3%) of 188 HSV-2-seropositive women were found to be shedding HSV DNA. The genital HSV were determined to be HSV-2 by restriction fragment analysis.
When cervicovaginal secretions were collected by endocervical swabbing, HSV-2 DNA was detected in only 13 (6.9%) cervical samples. When cervicovaginal secretions were collected by washing, HSV-2 DNA was detected in 25 (13.3%) cervicovaginal lavage samples. All cervicovaginal secretions collected by vaginal washing and found to be positive for HSV-2 DNA were also found to be positive by swabbing. Furthermore, the prevalence of detection of HSV-2 DNA was higher when the genital secretions were collected by vaginal washing than when they were collected by endocervical swabbing (P ϭ 0.036). The levels of HSV-2 DNA in cervicovaginal lavage samples ranged from none to 8.1 ϫ 10 8 copies/ml, and the mean level of HSV-2 DNA-positive vaginal lavage samples was (6.31 Ϯ 4.03) ϫ 10 7 copies/ml. The levels of HSV-2 DNA in the endocervical mucus ranged from none to 4.0 ϫ 10 8 copies/g, and the mean level of HSV-2 DNA-positive vaginal lavage samples was (2.11 Ϯ 1.61) ϫ 10 7 copies/g of total DNA. Figure 1 shows the distribution of the HSV-2 DNA levels according to the sampling procedures. The levels of HSV-2 DNA in cervicovaginal lavage samples were highly correlated with those in paired endocervical mucus (Spearman r ϭ 0.87; P Ͻ 0.0001).
In the present study, collection procedures of cervicovaginal secretions by cervicovaginal washing and endocervical swabbing were compared to detect and quantify HSV-2 DNA in HSV-2-seropositive women. In order to reduce possible methodological bias in data interpretation, we carefully selected childbearing-aged African women on the basis of clinical and laboratory inclusion criteria. All women in the study were clinically asymptomatic and were not being treated by antiviral drugs. Criteria for the selection of the patients included the lack of genital infection and particularly genital ulcer or inflammation, allowing for an evaluation of genital samples as   FIG. 1 . Distribution of the genital HSV-2 DNA levels as assessed by real-time PCR, according to the collection procedures of the genital secretions, in 25 HSV-2-seropositive, nonpregnant, childbearing-aged African women. Total cervicovaginal secretions were collected by standardized vaginal washing with 3 ml of phosphate-buffered saline, and the levels of HSV-2 DNA are expressed as log 10 DNA copies per milliliter of washing fluid. Endocervical samples were colleted by using dry swabs, and the levels of HSV-2 DNA in the swab samples are expressed as log 10 HSV-2 DNA copies per microgram of total DNA. The vertical and horizontal dashed lines indicate the positivity thresholds of detection in cervicovaginal lavages samples (2.6 log 10 copies/ ml) and in whole DNA extracted from eluted endocervical swab samples (2.6 log 10 copies/g DNA). The linear regression curve is depicted.
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on October 15, 2017 by guest http://jcm.asm.org/ close as possible to the natural history of genital herpes when the infection is asymptomatic and when HSV-2-shedding women may transmit the virus to exposed sexual male partners. We furthermore checked for the absence of semen traces by a sensitive Y PCR (3), excluding the risk of vaginal receptacle contamination by heterologous semen HSV-2 DNA coming from a possible HSV-2-shedding male sexual partner. The cervicovaginal washing procedure was much more sensitive than the endocervicovaginal swabbing procedure for qualitatively detecting HSV-2 DNA in genital fluids. In the present series, nearly half of the cervicovaginal secretion lavage samples found to be positive for HSV-2 DNA were negative when endocervical swabbing samples were used to detect HSV-2. Furthermore, the measured levels of HSV-2 DNA were higher when genital secretions were collected by vaginal washing than when they were collected by swabbing. These findings clearly indicate that endocervical swabbing is not suitable for detecting and quantifying genital HSV-2 in women. Swabbing collection techniques may be useful for the determination of HSV-2 DNA detection in different anatomic sites of the genital tract (5). In contrast, cervicovaginal washing appears to be highly sensitive for detecting HSV-2 in female genital secretions, probably because asymptomatic genital excretion of HSV-2 is the result of mucosal replication of the virus in a mucosal territory largely exceeding the endocervix (5). Collection of cervicovaginal secretions by the vaginal washing technique may also be useful for immunological investigations, mainly by using the acellular part of the genital secretions, in which humoral mucosal immunity may be easily studied (2) . However, the vaginal washing procedure introduces a dilution factor that is seemingly difficult to estimate (2) . When the simultaneous determinations of HIV-1-and HSV-2 genital shedding in HIV-1-and HSV-2-coinfected women (11) are combined, the collection procedures of genital secretions by vaginal washing may also be useful for quantitative analysis. Indeed, cervicovaginal washing and endocervical swabbing are both suitable for detecting and quantifying HIV-1 RNA in genital secretions (1, 9) . Taken together, our findings suggest that cervicovaginal washing may be used to collect genital secretions in women included in intervention trials, in which biological endpoints such as genital levels of HIV-1 or HSV-2 are chosen (16) .
One major feature of the present study is the demonstration of asymptomatic genital excretion of HSV-2 in approximately one of eight HSV-2-seropositive childbearing-aged women. Such a high prevalence of genital shedding of HSV-2 raises concerns not only about the risk of sexual transmission of HSV-2 to an exposed sexual male partner but also about perinatal HSV infection in the population of African women of reproductive age because of the risk of transmission of the virus to their babies during pregnancy, with potentially devastating consequences to the fetus.
